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poorly symptomatic, is one of major causes of hypertension, and bilateral involvement may result in end-stage renal disease.
Several studies have shown that a strong correlation exists between coronary artery disease (CAD) and carotid artery stenosis, 2 CAD and RAS 3e11 or CAD and peripheral vascular disease, 12, 13 corresponding to generalised atherosclerosis. High prevalence rates of RAS have been reported in patients with peripheral vascular disease, 14 aorto-iliac disease 15 or stroke. 16 VAS is also more frequent among patients with unsuspected RAS, 17, 18 although the prevalence of unsuspected visceral artery disease among patients undergoing cardiac catheterisation is unknown. We hypothesised that useful information about mesenteric arteries and renal arteries could be assessed by abdominal aortography, during coronary angiography without a significant increase of the procedural risk.
The purpose of this study was to evaluate the prevalence of VAS and RAS in patients undergoing cardiac catheterisation (coronary angiography).
A second goal of the present study was to determine the variables that may help decide in which group of patients abdominal screening can be useful during cardiac catheterisation.
Materials and Methods

Patients
This is a prospective analysis of 492 consecutive patients referred for coronary angiography over a 4-month period to the same hospital (University Hospital of Saint-Etienne, France). The day before cardiac catheterisation, subjects were interviewed using a standardised questionnaire with special regard to cardiovascular risk factors, medications and symptoms of mesenteric atherosclerosis. Information regarding six generally acknowledged risk factors was obtained.
Body mass index (BMI) was calculated from height and weight measurements. Obesity was considered present if BMI was >30 kg m À2 . Hypertension was defined as either a previous diagnosis in patients receiving currently anti-hypertensive medication or multiple blood pressure readings of more than 140/ 90 mmHg at the time of admission.
Smoking was considered as a risk factor if the patient was an active smoker or if there was a history of long-term smoking.
Diabetes was considered present if the patient received long-term insulin or oral hypoglycaemic therapy, or fasting serum glucose was more than 200 mg dl À1 . Hyperlipidaemia was defined as a risk factor if patients were treated by their physician with a cholesterol-lowering diet or medication, or if cholesterol levels were higher than 240 mg ml À1 . A family history of CAD was defined as a history of ischaemic heart disease in any first-degree relative younger than 65 years.
All patients were free from abdominal symptoms such as abdominal pain, abdominal claudication and change in bowel habitus or recent weight loss. No selection was made for patients with serum creatinine levels of more than 2.0 mg dl À1 although patients with end-stage renal disease and patients with known RAS were excluded from the study.
Angiographic examination
Coronary angiography was performed after femoral catheterisation using 5-F or 6-F intra-arterial sheaths following the modified Seldinger technique. Coronary artery lesions with more than 50% narrowing of the lumen were considered as significant. After left ventriculography, the pigtail catheter was withdrawn into the abdominal aorta and positioned initially 1e2 cm superior to the coeliac axis. Lateral aortography was performed using Iohexol 300 mg ml À1 (Amersham Health Limited). The catheter was then positioned below the ostia of the renal arteries. A second aortography in the anterioreposterior projection was recorded using the same contrast agent.
The use of lateral aortography and semi-selective angiography of the coeliac artery and superior mesenteric artery permitted accurate analysis of the severity of arterial stenosis. The same method was used to eliminate from this study angiographic findings of the proximal coeliac artery compression by the median arcuate ligament of the diaphragm.
All angiographic images were analysed by two vascular surgeons, and decisions regarding the findings were reached by consensus.
Percentage luminal diameter stenosis was measured using a normal segment of artery distal to the lesion as a reference.
An angiographically significant coeliac artery stenosis (CAS), superior mesenteric artery stenosis (SMAS) and RAS were defined by a narrowing of the lumen more than 50%. By convention, moderate artery stenosis was defined as luminal diameter narrowing between 50% and 75% and severe artery stenosis as narrowing of more than 75%. Branch stenoses were not considered in the present analysis.
Statistical analysis
VAS (CAS and/or SMAS) was the primary outcome; the secondary outcome was RAS.
Bivariate analyses were performed to examine all the associations between VAS and selected potential predictors: gender, age, cardiovascular risk factors and CAD. The qualitative variables were compared with a c 2 test. All variable associated with VAS in the bivariate analyses (p 0.15) were considered for inclusion in a multiple linear regression model. A stepwise procedure was performed using the likelihood ratio. The same statistical analysis was done with the secondary outcome, RAS.
Statistical analyses were performed using Statistical Package for Social Sciences (SPSS Ò ) (version 17.0; Chicago: SPSS Inc.). All statistical tests were two-sided (a Z 0.05).
Results
Patient characteristics and cardiac catheterisation
Of the 492 studies performed, only 42 (8.5%) were considered technically inadequate with poor opacification of the coeliac axis, superior mesenteric artery or renal arteries, yielding a study cohort of 450 patients. Table 1 summarises characteristics of the study population.
The average age of the 450 patients was 62.09 AE 10.83 years. Among them, 127 patients (28.22%) were female. At least one cardiovascular risk factor was identified in 392 patients. As many as 196 patients (43.6%) had hypertension, and 175 (38.88%) had hypercholesterolaemia.
In a majority of patients, coronary angiography was performed for suspected CAD.
Reasons for cardiac catheterisation were stable angina pectoris in 98 (21.8%) patients, unstable angina in 153 (34%) and post-acute myocardial infarction in 93 (20.7%). Another 45 (10%) patients were referred for angiography after positive exercise stress tests, 26 (5.8%) patients for dilated cardiomyopathy and 35 (7.7%) before valve surgery for valvular heart disease.
Significant CAD was found in 279 (62%) of the 450 patients undergoing cardiac catheterisation.
Prevalence of VAS
Of the 450 patients, 59 (13.1%) had significant VAS. In 48 (10.66%) patients, significant stenosis was observed in the coeliac artery (CAS) and only 15 (3.33%) had stenosis of the superior mesenteric artery (SMAS). Four patients (0.88%) were considered to have simultaneously CAS and SMAS.
Female gender was encountered more frequently in the group of patients presenting with VAS, 42.4% vs 26.1%, and this difference was statistically significant. Comparison between groups of patients presenting with VAS (n Z 59) and patients without VAS (n Z 391) showed as possible predictors for VAS an age greater than 60 years (p Z 0.03) and the presence of CAD (p Z 0.05) ( Table 2 ). There was no difference between groups according to the presence of obesity, hypertension, hypercholesterolaemia, smoking, diabetes or a family history of CAD.
Female gender was also found to be more frequent in the group of patients with VAS stenosis with an odds ratio (OR) of 2.1 (p Z 0.01) in a full model of multivariate analysis. The frequency of the underlying CAD varied according to the presence of VAS. Significant VAS was more frequent in the group of patients with three-vessel CAD compared with other three groups, although a positive correlation was demonstrated for three-vessel CAD vs no CAD (p Z 0.0027). Table 3 shows distribution of VAS according to the degree of CAD.
Prevalence of RAS
Significant RAS was observed in 35 patients (7.77%) in this series. In 30 patients, the RAS was unilateral and five had bilateral artery stenosis. Among 35 patients with RAS, mild stenosis was diagnosed in 20 patients (4.4%) and severe in the remaining 15 patients (3.3%) ( Table 1) .
Comparison of clinical and coronary angiography characteristics between patients with significant RAS (n Z 35) and without RAS (n Z 415) did not reach statistical significance (Table 2) .
According to the observed frequency of RAS, the severity of the CAD differed. Significant two-vessel and three-vessel CAD was found to be a strong predictor for the presence of RAS. Thus, in a multivariate analysis model, two-vessel CAD was a determinant for RAS with OR of 2.84 and p Z 0.03, while the presence of three-vessel CAD reached significance with an OR of 3.02 and p Z 0.05 (Tables 4 and 5 ).
Discussion
The prevalence of VAS in a cohort of patients undergoing routine cardiac catheterisation has not been described previously. Significant VAS (narrowing of the arterial lumen >50%) was estimated between 10% and 24% after unselected autopsy case-series or selected angiographic and duplex sonography studies.
1,18,19
The overall prevalence of MAS was 14% in the present study. VAS was found frequently in female patients with established CAD with statistical significance when comparing with patients without VAS. A strong relationship was found between the prevalence of VAS and three-vessels CAD. Older age (>60 years) was shown to be a significant risk factor for VAS. Our finding of a 16.8% prevalence of significant VAS in patients older than 60 years is consistent with Hansen's results describing 17.5% VAS at duplex ultrasound in patients older than 65 years. 18 However, there are significant differences in the clinical characteristics and angiographic findings of our patient population.
Hansen et al. 18 described a significant and independent association between VAS and annualised decrease in body weight and between VAS and the presence of RAS. A high prevalence of VAS among patients with unsuspected RAS was also demonstrated in a retrospective angiographic study, in which Valentine et al. 17 found no association between VAS and CAD, smoking or diabetes. They found a strong correlation with older age and hypertension.
Although no correlation was found between the presence of VAS and RAS, this association was expected in our study as a simple reflection of a large visceral plaque burden as previously reported. 17, 18 These differences may be attributed to the variety of patient selection methods used by these studies. In the present study of 450 patients receiving routine cardiac catheterisation, the prevalence of significant yet clinically unsuspected RAS was 7.7%. This finding is in agreement with those of previous angiographic studies reporting a similar prevalence of significant RAS in patients screened for suspected CAD 5,6,8,19e22 (Table 6 ). Other authors demonstrated a higher prevalence of RAS in patients undergoing cardiac catheterisation, estimated to be in the range of 13.8e19%. 4,7,23e25 One explanation for the high prevalence of RAS that was found in these studies is probably the use of non-selective angiography 7, 23, 24 or studying selectively patients with established CAD and/or hypertension. 6, 7 The prevalence of RAS was significantly higher in patients with established CAD (9.9% vs 4.1%), and RAS was found more frequently in the group of patients with three-vessel CAD. Our study provides evidence of clinical association between the presence of RAS and the presence and severity of the CAD. Moreover, our study demonstrates that older patients are more likely to have RAS, suggesting that atherosclerotic RAS is probably a local manifestation of more generalised atherosclerosis in the elderly. 10 A trend towards a significant relationship was found between hypertension and the presence of RAS. Hypertension was shown to be a risk factor, as well as a possible clinical manifestation of the activated renineangiotensin system secondary to RAS. 25 Our data demonstrated no significant difference in the prevalence of diabetes, hyperlipidaemia, smoking, obesity or familial history of CAD in patients with and without VAS and RAS, and are consistent with findings from similar studies. 4, 23, 24 In conclusion, VAS and RAS are prevalent in a significant proportion of patients undergoing cardiac catheterisation for suspected CAD. A three-vessel CAD is the most powerful predictor of significant CAS or RAS although female sex and older age are strong predictors for VAS. The other investigated cardiovascular risk factors did not predict the presence or absence of VAS or RAS. High-resolution computed tomographic angiography and magnetic resonance angiography could be considered particularly interesting in female patients older than 60 years with more than two significant coronary artery stenoses; however, the clinical importance of incidentally discovered VAS or RAS is still uncertain. We believe that further investigations in a larger cohort of patients are necessary before enrolling this group of patients in a follow-up programme with a high clinical index of suspicion of possible consequences of VAS and/or RAS.
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